ABSTRACT
INTRODUCTION
The identification of clinically relevant outcomes is critical when identifying priorities in public health (1) . Although traumatic dental injuries (TDI) in the primary dentition can cause occlusal, aesthetic or psychological problems and disturbances to the development of the permanent dentition, many studies to date have found no association between TDIs and parental reported oral health related quality of life (OHRQoL) in preschool children (2) (3) (4) . Table 1 shows the results from previous studies that investigated the effect of TDI in primary teeth on OHRQoL.
Data from epidemiological studies describes enamel fractures as the most common dental injury in the primary dentition (5) (6) (7) (8) . However, the consequences of enamel fracture appear to be minimal with few children or their parents complaining about their aesthetics of these injured teeth or recounting any symptoms (9, 10) . Thus, the inclusion of children with enamel fractures within the category of TDI significantly increased the reported prevalence of TDI to the primary dentition, while attenuating the impact of TDI on the child's quality of life. This may lead to the conclusion that all TDI have minimal impact on the quality of life of preschool children and their families.
Quantifying the impact of enamel fracture in primary teeth on quality of life is extremely important clinically as it may support current treatment guidelines (11) . To date, the IADT (12) guidelines advise that the sharp edges are smoothed with a bur and clinical and radiographic examination is undertaken at 3-4 weeks (13) .
Thus, the aim of this study was to quantify the impact of TDI, when enamel fractures were either included or excluded within the category of TDI, on Oral Health Related Quality of Life (OHRQoL) of preschool children living in Southern Brazil.
METHODS

Participants and study design
A cross-sectional study of preschool children was undertaken. Children were aged 1-5 years old and were enrolled in the public nurseries of Canoas, a town located in the southern region of Brazil. The city has a population of approximately 324,000 inhabitants and all households have access to public water supply with fluoride level of 0.8 ppm.
The oral health census was undertaken between June 2010 and January 2011.
This study received approval from the Human Research Committee of Universidade Luterana do Brasil (ULBRA; number 2009-130H). The children`s parents read and signed an informed consent form prior their participation. Children with dental pathology were referred for treatment. All children aged 1-5 years, who were enrolled in the 31 public preschools in Canoas as well as their parents were invited to participate (n=1683). Children were excluded from the study if they were pre-dentulous or if one or more permanent teeth had erupted.
Data collection
The fieldwork team consisted of six pairs of examiners (qualified dentists) and an auxiliary (undergraduate dental students). Within a nursery setting, data were collected from June 2010 to January 2011 by means of children's clinical oral examination and a face-to-face structured interview with their parent or guardian.
Parents were invited to answer questions relating to their socioeconomic background and a questionnaire regarding their child's OHRQoL.
Socioeconomic questionnaire -control variables
The socioeconomic questionnaire provided information about child's gender (male and female) and age (1,2,3,4 and 5-years old); mother´s age (gathered in years and later categorized <20 years; 20-35 years; >35 years); family structure (i.e. nuclear, child living with mother and father vs. nonnuclear, other condition of living); mother´s education (recorded in years of schooling and later categorized as <9 years; 9-11years; >11 years), number of people living at the child's home; monthly family income (total earning of all members of family, measured in Brazilian currency (R$) and later categorized in tertiles; US$ 1 was equivalent to R$ 1.7 at the time of data collection) and use of dental services.
Parent reported Oral Health Related Quality of Life (OHRQoL) questionnaire
The Early Childhood Health Impact Scale (ECOHIS), initially proposed by Pahel et al. (14) and later validated in Brazilian Portuguese by Tesch et al. (15) , is a specific instrument developed to assess the perception of parents on OHRQoL of preschool children. It is structurally composed of 13 items distributed between two sections: the Child Impact Section (CIS) and the Family Impact Section (FIS). The CIS has four domains (child symptom, function, psychological and self image/social interaction); and FIS has two domains (parent distress and family function).
Answers were recorded using a Likert scale to record how often an event has occurred during the life of the child: 0=never; 1=hardly ever; 2=occasionally; 3=often; 4=very often; 5=don't know. The total ECOHIS scores for individual domains were calculated as a simple sum of the response codes, after recoding all "don't know" responses as missing. For those with up to two missing responses in the CIS or one in the FIS, a score for the missing items was imputed as an average of the remaining items for that section. Children with three or more missing answers on the CIS or two or more missing answers on the FIS are excluded from analysis. The CIS and FIS ECOHIS range from 0 to 36 and from 0 to 16, respectively, for which higher scores indicate a greater impact from their oral health problems and were thus more likely to have poorer OHRQoL (16) Clinical examination -exposure (TDI) and control variables (dental caries and malocclusion)
The children were examined in a classroom at the preschool lying on ordinary desks under natural light. First the teeth were cleaned and dried with gauze. The clinical examination was exclusively visual, with the help of a dental mirror, tongue depressor and a millimeter ruler, as detailed elsewhere (17) . Biosafety measures established by the World Health Organization (WHO) were strictly followed (18) .
The exposure of the present study, TDI, was assessed following Andreasen classification (19) and later categorized into no injury, enamel fracture, enamel/dentin fracture, crown discoloration and avulsion.
The WHO criteria for the diagnosis of decayed, missing and filled teeth (dmft) were applied (18) . The dmft was categorized into caries free, low severity and high severity. High severity was based on the Significant Caries Index (SiC), which represents the mean dmft of the third of the population study with the highest caries score (20) .
Malocclusion was evaluated using standard, previously published definitions 
Quality assurance
Dental examiners underwent a rigourous training program. This included a discussion of all possible classifications and criteria used in the study for the diagnosis of each oral health condition through an analysis of photographs and dental cast models.
An instruction manual for the fieldwork team was prepared and used during the training and throughout the data collection. Clinical training was supplemented further with an exercise involving 20 children of the same age and not part of the sample. This was performed to test the methodology and the comprehension of the indices.
Intra and inter-examiner reliability were assessed using weighted (dental caries) and simple (malocclusion and TDI) Kappa statistics for the two dental examinations 10 days apart in 40 children aged 2-5 years. Dental caries, malocclusion and TDI in all 40 children were independently examined by the six examiners. Interexaminer reliability for dental caries ranged from 0.83 (95% CI 0.71-0.95) to 1.00 and intra-examiner reliability ranged from 0.93 (95% CI 0.86-1.00) to 1.00. The assessment of intra and inter-examiner reliability showed a perfect agreement (100%) for TDI (kappa=1.00); and at least a substantial agreement for malocclusion: inter-examiner reliability ranged from 0.84 (95% CI 0.64-1.00) to 1.00 and intra-examiner reliability ranged from 0.79 (95% CI 0.60-0.98) to 1.00.
Outcome -OHRQoL
The primary outcome in this study was the occurrence of any impact on OHRQoL (ECOHIS ≥ 1), i.e., prevalence of one or more items reported as hardly ever, occasionally, often or very often. The overall and domain-specific ECOHIS scores were the secondary outcomes of this study.
Data analysis
The database was constructed using double entry of data. Statistical analysis was undertaken using the Statistical Package for Social Sciences (version 16.0; SPSS Inc., Chicago, IL, USA). Given that some children presented with more than one type of trauma and the unit of analysis was the child, the most severe traumatic injury was recorded, according to the following sequence determined a priori: enamel fracture <enamel and dentin fracture <avulsion. To determine the hierarchy of crown discoloration -a common finding in this study -its impact on OHRQoL with other types of trauma was compared. This previous analysis showed that the impact of crown discoloration was higher than enamel fracture and lower than enamel and dentin fracture. The small number of children with intrusive luxation (n = 2) and lateral dislocations (n = 2) prevented these children from being included in the analysis. Thus, to determine the most significant trauma to each child, the following hierarchy was used: enamel fracture < crown discoloration < enamel and dentin fracture < avulsion.
Descriptive and unadjusted analysis provided summary statistics assessing the association of the overall and domain-specific ECOHIS scores and the exposure variables. Due to the positively skewed distribution of ECOHIS scores, a nonparametric test (Kruskal-Wallis) was used to compare the scores between the categories of TDI; the level of significance was set to 5% (p < 0.05). Pairwise comparisons regarding levels of TDI were carried out with Bonferroni correction; the level of significance was set to 1.7% (p < 0.017) (23) . Chi-square tests as well as unadjusted and adjusted multivariable Poisson regression models with robust variance were fitted to assess exposures for the prevalence of impacts on OHRQoL. Previously detected confounding variables (age, dental caries and malocclusion) (24) were included in the multivariable models in order to examine the independent effects of levels of TDI on OHRQoL.
Attendance at a dental professional and number of teeth were also included in the initial models, since these variables are potential confounders. This strategy allowed estimating prevalence ratios among comparison groups and their respective 95% confidence intervals. Two multivariable models were fitted to assess the impact of 
RESULTS
Among the 1683 children aged one to five years enrolled at public preschools in the city of Canoas, Brazil, dental exams were undertaken on 1488 (response rate= 88.4%). The reasons for the losses were repeated absence from preschool (n=93), failure to sign the parental/caregiver consent form (n=39), children who were uncooperative for the physical examination (n=33) and inability to contact the parent/caregiver to undertake the interview (n=30). Among the 1488 children examined, 213 were excluded from the sample due to the presence of permanent teeth or exfoliation of anterior tooth (n=197), history of orthodontic treatment (n=12) or the low frequency of the injury that did not allow statistical analysis (lateral luxation: n=2; intrusion: n=2).
The final sample comprised of 1,275 children: 663 (52.0%) boys and 612 girls (48.0%). The children were divided into the following age groups: 1 year old (13.0%); 2 years old (18.4%); 3 years old (24.9%); 4 years old (26.9%); and 5 years old (16.8%) ( Table 2 ). The prevalence of TDI was 13.4% (171/1275): 68 enamel fracture, 64 crown discoloration, 24 enamel/dentine fracture and 15 avulsion. The proportion of children with TDI who had consulted a dentist was low: only 25.5% of parents took their child to a dental professional following an enamel fracture compared to 46.6% for more severe TDI.
The ECOHIS scores ranged from 0 to 36 with a 0.82 mean (SD = 2.87); 17.4% of the caregivers (222/1275) reported that their children had an impact on at least one ECOHIS item. Among those reporting any impact, mean (SD) ECOHIS score was 4.7 (5.4) and median (interquartile range) was 3.0 (1.0-6.0). Negative impact on OHRQoL was more prevalent on CIS (197/1275; 15.5%) than FIS (95/1275; 7.5%). Table 3 shows that ECOHIS scores varied significantly according to type of TDI (p < 0.001). Furthermore, the prevalence of any impact (ECOHIS≥1) was significantly higher in children with crown discoloration, enamel/dentin fracture and avulsion, compared to children with enamel fracture and those without a TDI.
There was a significant difference in scores between the levels of TDI regarding total ECOHIS and four of the six domains (Symptom Domain, Function Domain, Parent Distress Domain and Family Function Domain (Table 4) . When the categories were compared to each other, there were no significant differences in scores of total ECOHIS and scores of domains between children without trauma and children with enamel fracture; however, a significant difference was detected between children without trauma and children with other types of TDI regarding scores of total ECOHIS and four of the six domains (Symptom Domain, Function Domain, Parent Distress Domain and Family Function Domain). Table 5 shows prevalence ratios of any impact on OHRQoL according to different outcomes. The unadjusted models showed that the probability of any impact was significantly higher in children with TDI, independent of the type of outcome. The multivariable models (after adjustment for age, malocclusion, use of dental services and dental caries) showed that the probability of any impact was 59% higher in children with any type of TDI compared to children without TDI (PR 1.59; 95% CI 1.20-2.10).
However, when enamel fracture was not included in the outcome, the probability of any impact increased almost 90% (PR 1.86; 95% CI 1.39-2.50). When three categories were considered, there was no difference between children with enamel fracture and without TDI.
DISCUSSION
The main finding from this study was that the inclusion of enamel fractures in the diagnosis of TDI in primary teeth significantly reduces the impact on OHRQoL. When enamel fractures were categorised within the no TDI category, there was a significant increase in OHRQoL scores for TDI. Furthermore the proportion of children reporting an impact from their TDI as measured by the OHRQoL questionnaire increased from 28% of those with a TDI to 36% when enamel fractures were excluded.
To the best of our knowledge, this is the first investigation to compare the effect of including and excluding enamel fracture within the diagnosis of TDI on the OHRQoL of preschool children.
A few studies have addressed the impact of TDI on OHRQoL in preschool children and the evidence is conflicting (2) (3) (4) (24) (25) (26) (27) (28) (29) . Such divergences may be explained by methodological differences, such as the considerable variation in sample size (ranging from less than 300 to more than 1600 children) and the setting of the study Enamel fractures should be identified and monitored owing to the possibility, although rare, of medium and long-term consequences (10) . The direct contamination of the pulp by micro-organisms explains the occurrence of pulp necrosis following hard tissue trauma (19) , but this event is not plausible after fracture enamel without a concomitant periodontal injury. From the standpoint of children and their families, it seems unlikely that such fractures have an impact on daily functioning, well-being or overall quality of life, as confirmed by the present findings. Indeed almost three quarters of parents did not take their child to a dental professional following an enamel fracture compared to 53.4% for more severe TDI. These findings agree with other authors who concluded that a large portion of parents do not recognize the occurrence of minor TDI in their children. (31) Additionally, the diagnosis of enamel fracture can be confused or misclassified with other dental pathology such as tooth wear, being difficult to calibrate examiners (32) .
The identification of clinically relevant outcomes is critical when identifying priorities in public health and studies that assess the impact of adverse oral conditions on OHRQoL are essential (1) . By including enamel fractures in the diagnosis of TDI, the most prevalent injury but with a minimal impact on OHRQoL, this may mask or attenuate the genuine effect of more severe injuries, thus leading some studies to conclude that TDI to the primary dentition have a minimal impact on young children's OHRQoL. This may hinder the appropriate prioritization being given to TDI, thereby hindering the planning of policies aimed at the prevention of TDI as well as the organization of dental services that include the treatment of TDI and its consequences.
In comparing the OHRQoL scores for different oral pathologies, collected in the same study but reported in different papers, TDI (mean OHRQoL 1.86) would come below severe caries (3.67) and above both low severity caries and malocclusion (mean OHRQoL 1.28 and 0.95 respectively) (24) . Thus, future studies addressing the effect of TDI on the quality of life of preschool children either should exclude enamel fractures or evaluate this type of TDI separately.
Some methodological aspects of the present study merit discussion. Firstly, data on OHRQoL were skewed towards the "no impact" end of the scale ("floor effect"), with more than 80% of the subjects reporting "never" having experienced problems.
Given the skewed distribution of scores for quality of life, we opted to report not only the mean scores, but also the frequency of children with any impact. This distribution of scores was characteristic of population-based studies and was likely indicative of genuinely low levels of problems. It was also possible that the OHRQoL assessment tool employed was not sufficiently sensitive to the problems that were actually experienced. However, the discriminative ability of the ECOHIS questionnaire has been demonstrated, showing that parents can provide valid reports for their preschool children (14, 15) . Secondly, the cross-sectional design was a limitation of the present study, as it did not allow the role of time between exposure and outcome to be examined. Therefore, the term impact in this study does not relate to causality, but to the outcome of the validated instrument: namely impacts on the child and family domains (14) . Furthermore, studies with cross-sectional design may not capture the fluctuant effect of TDI, as parents may not remember their impact when the child was younger (25) . However, ECOHIS has been designed to consider precisely the child's entire life experiences (14) . Moreover, memory bias is not expected to be large in preschool children because of the short period of early childhood. Thirdly, the data involved 1275 preschool children aged one to five years in a representative sample of children enrolled in public preschools and nurseries in the city of Canoas. However, caution should be exercised when generalizing the results to all preschool children in the city as public school nurseries are predominantly used by children from lower socioeconomic backgrounds. This and other cross sectional research studies show a clear need for future prospective longitudinal studies to be undertaken. While cohort studies would be expensive to establish, owing to the large number of children required to ensure rarer types of TDIs to the primary dentition are sufficiently represented to enable meaningful statistical analysis, this study design would facilitate the impact of TDIs to be analyzed over the short, medium and long term. While this design unlike a randomised controlled trial does not mandate the treatment provided for different injuries, the study could provide insight into different treatment approaches and include outcomes relating to the tooth, child, their family and the wider health care organisation. Furthermore it could help to elucidate and compare the changes in OHRQoL over time from acute TDI to their impact over the longer term as already reported in the permanent dentition (33, 34) .
In conclusion, enamel fracture in primary dentition does not impact on OHRQoL, suggesting that studies that aim to quantify the impact of TDI on quality of life should analyze enamel fracture separately or in the category of no TDI. From the clinical point of view, the lack of impact of enamel fracture on the scores of all domains of quality of life also suggests that restorative treatment is unlikely to be justifiable if undertaken to improve the child's quality of life. However these findings are based on a population study and treatment decisions should be made on an individual patient basis. 
